. Monitoring liver disorders in vinyl chloride monomer workers using greyscale ultrasonography. Recognition that vinyl chloride could be hepatotoxic led to a survey of workers to determine whether changes had been induced by past exposure, and to evaluate standard liver function tests as monitors of early liver abnormalities. Standard liver function tests were found to be unsuitable for the detection of such abnormalities in the population at risk. Of 487 workers examined, 102 (20-9 %) had abnormalities on initial testing but only two were finally shown to have portal hypertension; in both cases, thrombocytopaenia provided the first diagnostic evidence since liver function tests were normal. Furthermore, 40 (35*7%) of 112 control subjects had initial test abnormalities. A sample of 19 workers with various exposures to vinyl chloride monomer were examined blind by greyscale ultrasonography. Five with minimal or no exposure were confirmed as normal but 12 of the remainder had abnormalities. These consisted of an enlarged portal vein (seven instances), splenomegaly (eight), and changes in hepatic texture (seven). Five of these 12 cases had previously been considered normal. It was concluded that greyscale ultrasonography had many advantages over standard methods for screening workers exposed to hepatotoxic chemicals, and should be the subject of a large scale evaluation.
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In 1974 it was reported that angiosarcoma of the liver had been recognized in workers exposed to vinyl chloride monomer Block, 1974) . Although only two such cases have been reported in the United Kingdom (Lee and Harry, 1974; Smith, Williams, and Evans, 1976) the possibility was raised that angiosarcoma might not be the only change to be found in association with exposure to vinyl chloride monomer, and that periportal fibrosis, causing portal hypertension, oesophageal varices, and splenomegaly might be more common manifestations of toxicity (Marsteller *Present address: Department of Radiology, Yale University School of Medicine, Connecticut. et al., 1973; Smith and Williams, 1974; Makk et al., 1974; Lange et al., 1974; Thomas et al., 1975) .
In the course of the survey of exposed workers that was initiated throughout the industry after reports from the United States of America of I angiosarcoma, 487 workers were examined in a large factory which produced more than 100 000 tonnes of polyvinyl chloride annually (Smith and Williams, 1974) .
Greyscale ultrasonography was suggested as being an attractive alternative method of detecting such changes as it is a non-invasive technique applicable to mass-screening programmes (Taylor et al., 1975) , including periods as polycleaners (Cases 4, 5, 7, 9, 10, and 11).
On routine screening Cases 1-3 and 5-8 were apparently normal; the remainder exhibited various abnormalities portal vein size and configuration in a normal patient and one with portal hypertension in whom the portal vein is enlarged and tortuous. Although there is evidence of fatty infiltration and fibrosis, the non-cirrhotic fibrosis of vinyl chloride-related portal hypertension is much less obvious than in cirrhotics with an equivalent degree of portal hypertension. When the spleen was secondarily enlarged, it had a characteristic pattern which could be distinguished from malignant or chronic inflammatory causes of splenomegaly (Taylor and Milan, 1976) . The equipment was a custom-built Marsden machine with a transducer diameter of 18 mm and a frequency of 3-0 MHz with a variable swept-gain rate. Machines of similar potential are now becoming available commercially. Most ultrasound machines were originally designed for obstetric use, such as revealing the uterine contents, and hence merely display the contours of organs. It is the greyscale capacity of the machine used in this assessment that enabled the internal consistency of the liver and spleen to be displayed. There is no evidence of hazard with this procedure at diagnostic levels (Taylor and Dyson, 1972) , unlike the dose accumulation problem which limits routine radiography; nor is there an unacceptable incidence of equivocal scans as is associated with radioisotope examination (Conn and Elkington, 1968 ) which also gives a small but significant ionizing radiation exposure.
Repeatability can be achieved by standardizing the setting of the machine and by using the gallbladder as an anatomical landmark for successive cuts. Portal vein is dilated and highly tortuous.
Results
The abnormalities found by the two methods are compared in Table 2 . Cases that were known to exhibit liver dysfunction (4, 9, 11, 15, (17) (18) (19) were confirmed by ultrasonography. Normality was confirmed in Cases 1, 2, 3, 5, and 12 and the biopsy and biochemical changes in Cases 13 and 16, clinically of dubious significance, were not substantiated. It is the additional information given in Cases 6, 7, 8, 10, and 14 that emphasizes the advantages of ultrasound. In these five patients, in whom there had been no previous evidence of abnormality, ultrasonography showed changed liver texture, splenic vein enlargement, or increased spleen size. Although this preliminarywork appears impressive to us, the number of subjects is small and perhaps discovery of unequivocal cases of portal hypertension not revealed by standard tests has led to overvaluation of the method. On full scale evaluation, it may be that difficulties in standardizing and interpreting results, particularly in borderline cases, will reduce its attractiveness. There are problems in carrying out a full survey, since in this factory about 450 polymerization workers have had a substantial exposure to vinyl chloride monomer for more than a year. Until a mobile unit is available, men must go to the machine but in such a way that neither their work nor free time is disrupted. Evaluation will depend upon the co-operation of a medical physicist, a radiologist familiar with ultrasound, and a clinician with a special interest in liver disease based at a major hospital. Fortunately all these are available 
Conclusion
The advantages of greyscale ultrasonography over more traditional methods of liver investigation appear to be considerable: they include better patient acceptability, savings in time and effort, and earlier and more definite indications of pathological changes in structure.
Hence it is considered that further studies should be carried out on a larger scale to evaluate the suitability of this technique for the screening of chemical workers exposed to vinyl chloride and other potentially hepatotoxic agents. A mass study could evaluate translation of the grey scaling into a numerical value by computer. It could also determine whether there will be any progressive deterioration, now that vinyl chloride monomer exposure levels have been reduced so much, in those patients already shown to have changes in liver texture due to non-cirrhotic periportal fibrosis. 
